2 7 MAR 2007 1 METHOD OF FORM NG COPPER | NTERCONNECTS FI ELD OF THE

| NVENTI ON [ 00011 The present invention relates to seniconductor fabrication
techni ques and structures, and nore particularly to copper ?gd@gqmﬁcts
and nethods of formng the same. BACKGROUND OF THE INVENTION

Integrated circuits formed on sem conductor substrates typically include
several netal layers that electrically interconnect the devices forned
therein. The different netal |layers are separated by insulating |ayers
known as interlevel (or interlayer) dielectric layers (I1LD) that have
etched via holes (also known as vias) therein to connect devices or active
regions fromone |ayer of netal to the next. [0003] Copper (Cu)

i nterconnects are increasingly used for high density devices because of
copper's inmproved conductivity relative to conventional materials such as
al um num (Al'). The use of copper as the interconnect material presents
various fabrication (MEIHOR OFFORMINGCOPPER INTERSGONNECTS
production-worthy etch process for copper. The damascene and dual danmascene
approaches have devel oped to address this shortconing. A brief description
of the dual danmascene process is provided hereafter as described, for
example, in U S. Patent No. 6, JWEJEBQFTHHEB@ﬁﬂﬁfKFhrJan et al. ,_entitled
“Met hod of Form ng Copper Diffusion Barrier", the entirety of which is

her eby i ncor 9Pt edTlmvresent inyentmhepleteséo Se[wwdillctfbrrfahﬂ?etl@uﬁphmmg@‘éne
process, ILnsul a osr r

i nsul atin 5{}}1 &5 ap %e%a%%cé{ia}r to c ‘E% lﬁtgrco&egtts aft ﬁ%g%%cog r%‘Jr)]tZ(Xl the-EE\gVI ng a
narrower | ower portion (referred to as a via portion) exposing sel ected
connecti on areas on the und@AGKGROURIDIQF THE INNENTIONyer and a w der upper
portion (referred to as a trench portion) that serves to formthe next

| ayer of rret a)OOIZ] nemtcgmed ¢cireits rﬁormedtdnesemmnqum substratestypisafiyinghvde seversl |
Copper is n of
e i e e s R e B e s
(CwWP) pr oczeegf:paﬁfed bryé:mlatmgl layefs rkin® tvii rag mteﬁadvalc{ezsm&rlayea) di¢letteic dayppe(iLE)r thzhted
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la_yer of metal to the next.

[0003]  Copper (Cu) interconnects are increasingly used for high density devices because
of copper’s improved conductivity relative to conventional materials such as aluminum (Al).
The use of copper as the interconnect material presents various fabrication problems. First, there
is currently no production-worthy etch process for copper. The damascene and dual damascene

~ approaches have developed .to address this shortcoming. A brief description of the dual
damascene process is provided hereafter as described, for example, in U.S. Patent No. 6,444,563
to Sundarararjan et al.; entitled “Method of Forming Copper Diffusion Barrier”, the entirety of

which is hereby incorporated herein by reference.

[0004]  In the dual damascene process, an insulating layer is deposited over a copper
layer. The insulating layer is then patterned to form a two-step connection having a narrower
lower portion (referred to as a via portion) exposing selected connection areas on the underlying
patterned metal layer and a wider upper portion (referred to as a trench portion) that serves to
form the next layer of metal lines. The trench or the via portion can be formed first. Copper is
then deposited to fill the two-step connection. A top pQrtion of the copper layer is then removed
using a chemical mechanical polishing (CMP) process. The resultant structure includes a via

(the copper filled via portion) that connects the underlying metal layer with an overlying copper



2 7 MAR 2007 2 line (the copper filled trench portion). The contacts from
the first copper netal layer to the devices are usually made with Tungsten
(W plugs. [00051 When copper is used for these interconnects, the copper
atoms nust be prevented frommnigrating or diffusing into adj A¢dWR 200
interlayer dielectric |ayers to prevent conprom se of the integrity of the
dielectric layers, particularly at |owgenperatures and under accelerated
electric fields. Therefore, a dielectric diffusion barrier (DDB) is

typically forned between the top of the copper netal line or layer and a
subsequently deposited ILD to prevent this mgration. Likew se, the copper
netal |ine may be encapsulated with a diffusion barrier to prevent

mgration into a surrounding inter-netal dielectric (IMD) layer. [00061
Currently, refractory netals such as Tantal um and Titani um and their
nitrided _conpounds, _j.e., TaN and TiN, are enployed as the netal barrier
agai nst cAppERe HRAREL fillid tsnch Aprion)s; Tae CQHHCﬁSW? ﬁf%wwbmefah layséa thec

layers. Agefied #€usthAfmadEtitRa%Red @v)lpigR. and bel ow, however, the main
advant age of using | owresistance copper Tnterconnects begins to be negated
by the higher resistance netal barrier |ayers, resulting in an increase in
RC time del ajf008k j | Whengpppesis usgd fortleese interconngets the oapper atdyag mss be preyented

eakage, taenygat R L RARM el RERL R D ool B oy o

Tenper at urthe iBtegahoof thediklzgsic dayiesepattieularndy gdow tdnaperateres amdtvngder deyelerp®®07 1

Therefore,_,ther emains a n f.or..an. i nprov w. resistance.c e

i nter conneeclzciCt}’sctt?e&c F lr?ril 8’%%8’ an%f%gﬁ% cgf%H%? &?P# lsttﬂéc"é%r@m?eﬁ bleﬁ\Pegﬁﬁﬁt ed
Gircui t davp ofthe coppelMbiallifdror Tifer hdVirNibs €M ch®O@Padsidd TEDNS Pre0ént b Migrgtion.
copper intercaonnects for aa jntegrated circuit is'r%FQVi ded. An

antirefl ec‘t.%s%g?ﬁ@ﬁ@erlné? rlmlf’é‘f.l Seraeprsviated ythja S&iﬂ‘ﬁ’éj"‘?‘é‘}/éﬁe"?ﬁrmd over
a sen condhigtion ifd B Sinr@iningAtel-Hef BRIOERIIIMDY fa§& 1S patterned and etched
into said insulating layer. A diffusion barrier layer is then conformally
deposited in ﬁ{d posi ti on chanber al ong the etched interconnect pattern,

wherein the | ef ICé’E’l"'P\hé refstary grefals vehay tantalym apd diteniamised thsgmifrided
deposi t i oneomfpolut®, i H2TIN Sid TiRY 8fc-entghPiAs EHRIA BRRRE b ik EoppBEfnb@Ati¥Rntb N

the interconnect pattern etched in _
SiO; and low-k interlayer dielectric layers. As device sizes decrease to 0.1 um and below,

however, the main advantage of using low-resistance copper interconnects begins to be negated
by the higher resistance metal barrier layers, resuiting in an increase in RC time delay. Still
further, as these refractory metal barrier layers become increasingly thinner, reliability concerns
such as line-line leakage, time-dependent dielectric b_réakdown (TDDB) lifetime and BTS (Bias-

Temperature Stress) leakage arise due to poor barrier integrity.

[0007]  Therefore, there remains a need for an improved low resistance copper

interconnect structure and method of manufacturing the same in integrated circuit devices.

SUMMARY OF THE INVENTION

[0008] A method of forming copper interconnects for an integrated circuit is provided.
An antireflective coating layer is formed over an insulating layer formed over a semiconductor
substrate. An interconnect pattern is patterned and etched into said insulating layer. A diffusion
barrier layer is then conformally deposited in a deposition chamber along the etched interconnect
paitern, wherein the antireflective coating is removed in said chamber before deposition of the

barrier layer. Copper interconnects are then formed in the interconnect pattern etched in the

insulating layer.



insulating layer. 2 7 MAR 2007 3 [00091 In another enbodi nent of a method
of form ng copper interconnects for an integrated circuit, an interconnect
pattern is patterned and etched in a lowk dielectric insulating |ayer. A
dielectric diffusion barrier layer is conformally deposited oved7tMiR 2887ched
insulating |layer and along the etched interconnect pattern. A |ayer of
copper is deposited over the diffusionqbarrier |ayer forned over the
insulating layer and in the etched interconnect pattern. The, deposited
copper layer is then polished down to the diffusion barrier |ayer forned.
over the insulating layer. [00101 The above and other features of the
present invention will be better understood fromthe follow ng detail ed
description of the preferred enbodi nents of the invention that is provided
~in connection wth the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 00111 The acconpanying drawings illustrate preferred enbodi ments
of the inventi08#P] adnapgther esbodinmnt of afrethod bf oming coppee iftertanrichis for an

di scl osure;, .| Lch: Fl [ S.a cross-sectional . view of a portion of a

seni conduc {néég?aé%éf%gn’s nrlé%g fct%} P}éec 2\’/llgef% 5P aﬁFrBFIé- %‘Bieh‘f‘%‘i inployrk Qi'ieg’f’@&"?si“g‘tlf‘&y er

formed ovelayan A ditiectrit diffilsiosli batriee tdyice isl ¥ RErallyl depostied BRWIhd Si6heagHBuGARGUCT OF
3 shows

structure}%&Flg I r}%vicg‘%a air of trenches formed  therein; FIG
the seni coRIERASR008 MiFicd npropnsct patigy i gyer obegpeer isglepositedrpveasdhe diffusion
t her ef r om bikiG 1afer$&}mé@opéﬁh§ﬁ@m§&§§iu9é%dﬁhﬁx§ d'%nt%{cogﬂef%ﬁggﬁemvﬂ{ég a

non-nmetal diffusion barrier |ayer cohform eposite reover; FIG 5

.

shows t he SenepitssirapRar dpyesis thpmnolishagdfdomingto the diffivsiomdpacrinp peyer formed ofertieed i n
t he ,etche%sﬁlgmgﬁ. and an etch stop layer forned thereover; and FIG 6
shows the sem conductor structure of FIG 5 having a second netallization

| ayer fornmed thereover.
[0010]  The above and other features of the present invention will be better understood

from the following detailed description of the preferred embodiments of the invention that is

provided in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]  The accompanying drawings illustrate preferred embodiments of the invention, as

well as other information pertinent to the disclosure, in which:

FIG. 1 is a cross-sectional view of a portion of a semiconductor device structure having a

low-k inter-metal dielectric layer formed over an inter-level dielectric layer;

FIG. 2 shows the semiconductor structure of FIG. 1 having a pair of trenches formed
therein;

FIG. 3 shows the semiconductor structure of FIG. 2 having a BARC layer removed
therefrom; ' ' '

FIG. 4 shows the semiconductor structure of FIG. 3 having a non-metal diffusion barrier

layer conformally deposited thereover;

FIG.5 shpws the semiconductor structure of FIG. 4 having copper lines formed in the

etched trenches and an etch stop layer formed thereover; and

FIG. 6 shows the semiconductor structure of FIG. 5 hiwing a second metallization layer
formed thereover.



2 7 MAR 2007 4 DETAILED DESCRI PTI ON 100121 A damascene based net hod of
formng a copper interconnect structure is described below in connection
with FIGS. 1-6. It should be understood that the nethod descrjbed ﬁ ein
is equally applicable to both damascene and dual danmascene f abrli Bt @:’1
techni ques. 100131 Referring first to FIG 1, a cross-sectional view of a
portion of the interconnect structure*of a sem conductor device is

provi ded. An etch stop layer 20 utilized in form ng an interconnect
pattern during the damascene process is formed over an insulating |ayer 10.
In one enbodinment, |layer 10 includes an undoped silicate glass (USG,
phosphosilicate glass (PSG or boro-phosphosilicate glass (BPSG materi al
having a thickness greater than about 1.0 m Etch stop layer 20 typically
includes SIN, SiC, SiCO or SiCN deposited to a thickness between about
200-500 A, and preferably about 400 A. An inter-netal dielectric (1M)

| ayer 30 is deposited over the etch stop |ayer 20. I MD | ayer 30 may
include SiQ2 or a lowk dielectric layer, such as an organo-silicate glass
(0SG, porous SiLK (polyaryl ene PETAI)EDBBSCRAITIONRI | abl e from Dow

Chem cal, LKD material available fromJSR M croel ectronics, an aerogel or a
xerogel . A t{OOIZ}m A tlamasetiledatddancthabof fagniaBARPpet iateetondért stsuchoe ised over

I'MD [ayer 30. ntional | B yer 40 cludes a.la

i nor gani ¢ ﬂﬁ'?'él?q e%ewoa%mé?ld%“@%%ﬂ (’e ‘dgﬁ}mg%rﬁﬁ%ﬂﬁéﬁf‘ H‘Baever
BARC | ayer gd@ribdadictiles eqaalgra@amaslerfab@twdaﬁxa&% 8 QuilHaRaSBhEHbAGtios hOT t
wavel ength |ithography process, e.g., KrF lithography process or a deep-

ul travi ol etechi@$- | i t hogr aphy process Exanpl es of exenplary naterials
i ncl ude KRF-3G available fromdariant- Corp. of Sonerville, New Jersey and

DRV-42 and Diydofs} aviadfbial Sirdt EPPIAN E¥\6r64se66nal KoM dila %Eie&x@ﬁ bf A8infRMnh&t FI G
2, trenches 50 are shown etched into IMD layer 30 to form_an interconnect

pattern i nstrugtyre afasemmepndystor davieg s RrAViged. c‘bw@h stomhlagercOrtidiged injforgting an
Al though nghe e Dattdn RS PMHE dhiischid PHERESE il P¥Sr JBHRMb B erd8. flMhe

patterned to define the desired I1nterconnect pattern. The t ches 50 are
t hen et chedmbodimentt lagergRdndndes as undaoped siticaseglass AGSEN @hmphps:hcrr‘altﬁlm (PS(er BARC

: ﬁg 5{ at40 nl ﬁogo%myp%gmﬁ&&g éla.&s%PS&S fol &gglr}x%gﬁlg Q%l&l&l@ g'rgat tﬁzth %outri 6 Jﬁ% Etch
stop layer 20 typically includes SiN, SiC, SiCO, or SiCN deposited to a thickness between about
200-500 A, and preferably about 400 A. An inter-metal dielectric (IMD) layer 30 is deposited
over the etch stop layer 20. IMD layer 30 may include SiO; or a low-k dielectric layer, such as
an organo-silicate glass (OSG), porous SiLK (polyarylene ether) material available from Dow |
Chemical, LKD material available from JSR Microelectronics, an aerogel or a xerogel. A
bottom anti-reflection coating (BARC) layer 40 is formed over IMD layer 30. Conventionally,
BARC layer 40 includes a layer of an inorganic material such as SION. In one exemplary
embodiment, however, BARC layer 40 includes an organic material for use in a selected short
wavelength lithography process, e.g., KiF lithography process or a deep ultraviolet (DUV)
lithography process. Examples of exemplary mat_eﬁals include KRF-3G available from Clariant

Corp. of Somerville, New Jersey and DRV-42 and DUV-44 available from Drewscience.

[0014]  Referring now to FIG. 2, trenches 50 are shown etched into IMD layer 30 to form
an interconnect pattern in IMD layer 30 for formation of copper interconnect lines. Although not
shown, a photoresist is deposited over BARC layer 40 and patterned to define the desired
interconnect pattern. The trenches 50 are then etched, and the photoresist is removed. As shown
in FIG. 3, the BARC layer 40 is removed after the interconnect pattern is etched in the insulating
layer 10. As mentioned above, in one embodiment BARC layer 40 is formed fIdm an organic

material that is then removed by baking the wafer in a deposition chamber utilized to deposit a



| ayer 10. As nentioned above, in one enbodi nrent BARC | ayer 40 is forned
froman organic nmaterial that is then renoved by baking the wafer in a
deposition chanber utilized to deposit a 2 7 MAR 2007 5 diffusjan @arrier
described in connection with FIG 4. Organic materials such 43 ﬁ%@

descri bed above have | ow tol erances to process tenperatures within the
deposi tion chanbers, such as those encguntered when noisture is renoved
fromthe substrate prior to deposition to prevent defects. Using an
organi ¢ BARC | ayer 40, therefore, allows for the cost effective and
efficient in-situ renoval of the BARC | ayer 40 as part of the deposition
process. 100151 After the BARC layer 40 is renoved fromthe top surface of
the IMD |ayer 30, a thin diffusion barrier layer 60 is conformally
deposited over the structure, including along the surface of trenches 50
and over the exposed top surface of IlviD layer 30 (FIG 4). This diffusion

barrier | aychfﬁ:s&ﬁh bmq&’rcﬁfs&fbﬁ@irycdﬁﬂmﬁht»ﬁ&x FIG. 4. Dbjagicheferialf subR hydest d8Qibe®0
A and in o i s deposited via a_plasma enhanced chem cal

e

vapor depo %l?f"vf m“ctcﬁ?rl?fﬁ?ess teperrturst Wihip thegdgpositipnrhambers,suctnagthose
The di foSIdﬁaon@é’ td Rhed & I i de
dielectric _mater |ral esucﬁ@‘z;u;@%r%%%&ﬁ%%b&[q{egﬁ 9€ %on%?ﬁrﬁggk&%&@%g
Calso be utW§iPgaworaania BARG layerdd, tharefores allowtontthd costaffectict andeeffivieftér-sied f or

future BEOL.ABMIIE e A4S laﬁf@&&%aﬁf fﬂg‘é?l’f’gn%dl el ectric constant. An

exenpl ary PECVD process ormng a FPOHAY the fol | owi ng
paraneters: feed gasses: trinethylsilane at 300 sccm pressure: 3 Torr; HF
power: 200W ﬂ@lﬁgmﬁﬁmWCﬂwéQEtmvedmahem ﬁx&cﬁ)d»ﬁihg'll\wﬁ%@rw a

process forg Iy follow ar anet.ers;. feed
gasses: tri rret(ﬁ&ﬁggs a%éé 8@55@}' Yot mah%ﬁ?ﬁ?ﬁ\teélt oV '0‘8 g‘E‘L‘ re.dpgludipg algps e 5
seem pres smrfece o tiBoches SBEnPOVE Ithe} @t@ﬁ?édltolb. &rawmmayl er arglcqet}pmtdm&mn
350C. An e s for form a_Si CO
fol I owi ng é’é‘@"ﬁg‘%f Efsé’é%fg'agéfé’é ost F%Ihﬂ%}@gﬁswéhﬁwsqn AndFRPReUm at
400 seem arﬂilntﬁﬁﬂnait is aﬂﬁsﬁﬁeﬁi a?faﬁkﬁ& hlRinced cherhR%l vapbi de%@é’iﬁfm )Bl'ﬂé al
Power : @{)ﬁ t enperature: 350C nmenti oned above, "an organic R&n
ma

| ayer 40 O AlORHG CWPB%&W%%% Thediffusiom barrier layer (PRSI ferablyrfomied @l
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be utilized as a diffusion barrier, but this may not be prefetred for future BEOL applications
because of its h1gh dielectric constant. An exemplary PECVD process for forming a SiC layer
has the following parameters: feed gasses: trimethylsilane at 300 sccm; pressure: 3 Tom; HF
power: 200W; LF power: 0W; and temperature: 350°C. An exemplary PECVD process for
forming a SiCN layer has the following parameters: feed gasses: trimethylsilane at 300 sccm,
helium at 400 sccm, and NHj at 325 scem; pressure: 3 Torr; HF Power: 300 W; LF Power: OW;
and temperature: 350°C. An exemplary PECVD process for forming a SiCO layer ha's the
following parameter: feed gasses: trimethylsilane at 160 sccm, helium at 400 sccm and CO, at -
700 sccm; pressure: 2.5 Torr; HF power: 200W; LF Power: OW; and temperature: 350°C. As-
mentioned above, an organic BARC layer 40 may be removed by baking the layer 40 in the

PECVD, thermal CVD or ALD chamber, such as at a temperature between about 350-400°C for
about 30-60 seconds.

[0016]  After the diffusion barrier 60 is formed as shown in FIG. 4, a thin adhesion layer
(not shown) including a refractory metal (not shown), such as tantalum (T4a), having a thickness
of about 50 A may be depos1ted over the barrier layer 60 and in the trench region 50. This
adhesxon layer is provided to improve the adhesion of the copper seed layer to the trenches 50,
although silicon carbides do exhibit strong adhesion to both copper and low-k dielectric

materials such as organo-silicate glass. Copper interconnects 70 (FIG. 5) are then formed in



(00161 After the diffusion barrier 60 is formed as shown in FIG 4, a thin
adhesion layer (not shown) including a refractory netal (not shown), such
as tantalum (Ta), having a thickness of about 50 A may be dgfpﬁhégﬁ jover
the barrier layer 60 and in the trench region 50. This adhes yer is
provided to inprove the adhesion of the copper seed |layer to the trenches
50, although silicon carbides do exhibgt strong adhesion to both copper
and lowk dielectric materials such as organo-silicate glass. Copper

i nterconnects 70 (FIG 5) are then formed in 2 7 MAR 2007 6 trenches 50
per conventional damascene techniques. A copper seed |layer is deposited
over the barrier layer 60 and in the trenches 50, and a | ayer of copper is
t hen deposited using electrochemcal plating (ECP) in the trench and over
the diffusion barrier 60. This deposited copper layer is then polished via
chem cal nechanical polishing (CW) down to the diffusion barrier Iayer 60

to form copprmchcmi(bper&nmuoﬁal ﬂaﬁasZQhe tbiihlcfibs BECapps ?séeﬁ?w@ i§ st RARL e

60 coverstB olg %rfaﬁ/gi%g | MD | ayer 30, no polishing I's pertorned

direct |y on FHE P¥HOR fog $repc @50’?ﬁ¢§1%@€@ﬁp¢m§/thb@d¢mamdpmmgt ed into
exi sting t oelestr*Rémih gﬁfge(gcpglgn sl ur.ri hi ng
copper in the dannscgge process, Mg%%&%dgggﬂtbéﬁﬂf@fg%t%%@amqeg bot
M cr oel ect r 60RPELlayesis then pplished Vhahgnwelrmecthamcdtp@hsmxﬁg EMH)aowiab eielddRssigiuch

as SIC, S Qs r%@%ﬁl co%ggrr@g% ‘i"ﬁé ?’gr an effective CVP end point.

[ 00181 A second e ch stop over the exposed .
di ffusion layer 60 and copper interconnect lines 70 for use in f or mi ng the
next netalli za@%’ﬂ | eledause] the dififssion bixvidi 6@ OdversIRERP Suidics bf Sk AMD BY&308 | S

gng | g r efS :ar ag(ﬁ %%ko%%h g\%gcgg \\ﬂi' nﬂwﬁlﬁ&&{%rn‘l’e‘?@t F?‘gtﬂ\;\%)e?%gg&g lbéf?fg@gggt f\\e

etch stop Im}{ecﬁglstﬁigtaarlslammﬁobesmkcbh&é kisiA polshis Lt tric
80 nalnd !ti)ﬁe Ilovv-k essl\/fl?)ugkgyeré%gﬁ%v\ﬁtﬁ

field bet n the etch st y
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and the | ovhivelvby lowystdh rdfs ifs oI ®ieh adid, Line . del ay
rises wth |I?crea§\/§)q thrl clséness of eit hgr Q; ?gﬁf e?%y Ylglpga"t he

rate of RC EHSHEvY endRyases nore rapi dIy for rretal di ffusion barriers.
Therefore, use of a

{0018] A second etch stop layer 80 is then formed over the exposed diffusion layer 60
and copper interconnect lines 70 for use in forming the next metallization level. In one
embodiment, second etch stop layer 80 is a SiN, SiC, SiCO or SiCN layer having a thickness
between about 400-600 A, and preferably around 500 A. Sandwiching a dielectric layer 60
between &e etch stop layer:80 and the low-k IMD layer 30 reduces the surface electric field

~ between the ctch stop layer 80 and the low-k IMD layer 30, which reduces leakage. Still further,
adhesion between the etch stop layer 80 and the low-k IMD layer 30 is promoted. While
interconnect RC time delay rises with increasing thickness of either metal or dielectric barrier,
the rate of RC time delay increases more rapidly for metal dlfqulon barriers. Therefore, use ofa -
* silicon carbide dielectric matenal for the diffusion barrier layer 60 helps alleviate the
aforementioned RC time delay problems associated with metal diffusion barrier layers, while

exhibiting better diffusion characteristics under TDDB and BTS testing because of improved
barrier integrity and cost reduction.

[0019]  Referring now to FIG. 6, a second metallization layer, shown as a dual damascene
copper interconnect structure, is formed over etch stop layer 80. A second iow—k dielectric
insulating layer 90 is deposited over the etch siop layer 80. In one exemplary embodiment
insulating layer 90 includes a layer of organo-silicate glass (OSG), porous.SiLK material, LKD

matenal an aerogel or a xerogel having a thlckness of greater than about 6000 A. Via and trench



silicon carbide dielectric material for the diffusion barrier |ayer 60
hel ps alleviate the aforenentioned RC tine delay problens associated with
metal diffusion barrier |ayers, while exhibiting better diQﬁa@mqm7
characteristics under TDDB and BTS testing because of inprove barrier
integrity and cost reduction. [00191 Referring nowto FIG 6, a second
metal | ization | ayer, shown as a dual dapmascene copper interconnect
structure, is forned over etch stop |ayer 80. A second |lowk dielectric
insulating layer 90 is deposited over the etch stop |layer 80. In one
exenpl ary enbodi nent insulating |ayer 90 includes a | ayer of
organo-silicate glass (0OSG, porous. SiLK material, LKD material, an
~aerogel or a xerogel having a thickness of greater than about 6000 1. Via
and trench 2 7 MAR 2007 7 patterns are etched in the insulating |ayer 90,

stopping at etch stop layer 80, An organic BARC |ayer W%ﬁg@f utilgégg
during t heatswtant etthasgn alishipsyatinedayer QPstanping At elehvien laysr PrEHC e in
the diffusion barri i il : | RnRVE ds'desteiBed ab
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barrier | ayge difiSionparsice depdsitionchirmokirn @nae thelviaand trepelr $iudairesaregichgf intp o
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cor r espondhegengb prd via openingsand preferably o povsp thgiexpesed toppopiogoh i dusulaling g

liner re miizﬁlr 96.%@@@&1 L\ AARBRH bhirRESvef the vin Abdribbaddadh brhaedper ks 7ay er
wn

(not sho may optionally be deposited as described above over the

di f f usi on ibthen fesrovied plong With theicarrespondingmertianrat stch stardaxer 80 Vidgrorieh PIRSESS pper
seed is thgn ' : SL\PN hi&sh t Eidw
process 1 gt RSP (Idko hEXipeflind B Al Pan ERACTL A nfor Mt )
then pol imiyesptivhally@Riegositedias desasbedi abbveson theakiffision Yaajesdayen bl theed over

t he insul ating | ayer thereby formng copper,interconn i.n.the
i nsul at i ngPPCAFET® ]E)a%%v‘gﬁws}/ﬁ‘fﬂp&‘r Sge.’&’[sglg?&fpﬁétg é’ra(ra? ﬁg&{"%ﬁﬁ(&%’ érés:. t he
vias of cogpeditell it £ EOQP pasdess 18 Gl thk ¢tetodd|tienclomidada reigivas. Thip peppet laperds then
This feature provides |lower resjistance vias vﬂgg cogpar ed to.inter connect
st ruct ur esPaligiad vintMBdoys fotbe g‘#aﬂﬁ? gt layen 1 itormed oy PSPty such
as TaN sep@eRby REmid}copper interconnects 100 in the insulating layer 90 as shown in FIG. 5.
[0020] Referring to FIG. 6, the vias of copper interconnects 100 directly contact the -
copper lines 70. This feature provides lower resistance vias when coinpared to interconnect
structures that have a diffusion barrier including a refractory metal such as TaN separating the

two copper interconnects.

[0021]  Although the invention has been described in terms of exemplary embodiments, it
is not limited thereto. Rather, the appended claims should be construed broadly, to include other '
variants and embodiments of the invention which may be made by those skilled in the art without

- departing from the scope and range of equivalents of the invention.



two copper interconnects. [00211 Although the invention has been descri bed
i-n ternms of exenplary enbodinents, it is not limted thereto. Rather, the
appended cl ai nrs shoul d be construed broadly, to include oth M?@h?nts and
enbodi ments of the invention which may be nmade by those skil ﬁ he art
wi thout departing fromthe scope and rarge of equival ents of the
invention. 2 7 MAR 2007 8 CLAIMS: 1. A nethod of form ng copper
interconneﬁggp%gr an integrated circuit, conprising the steps of: formng
an antiref & coating |layer over an insulating |layer formed over a

sem conductor substrate; patterning and etching an interconnect pattern in

sai d i nsul &t i ngAlmRed oLoRhBI ®phyr iHRRRShEDr b e deRasirthigosipasig thea
di ffusion barrier |ayer along said etched interconnect pattern, wherein

said antir85<¥t i ve coating is renoved in said chamber before deposi tion

of said diffusigy in said
i nt er connect patte?%rg[ﬂlta%ﬁluécf@éﬁ(lec S{? a?‘?r?é%ﬂ%%m?q&%?%i}ﬁ{m éﬁw
accordi ng temicdmiuntod substretegi n sai d anti ref | ective coating | ayer i ncI udes
an organic material . 3. The method according to claim1 or 2, further

conprisi ng t he Ratispning apdgichige anitpfercappgef Batfese i pid iwgdpinglayeyer in said
hanb wh b T
chanber, where é/orff%ngﬂllg'}fﬁ]bgﬁgfr@ gfd ﬁﬁ’é’?@?ﬁ 'c%l%j&%%ffbs‘ion h&aey ]%g r dlong §A£°d

met hod accor di ng t organi c materi Is sel ected
for use i etchedtﬁntérmnnam\qéattemhwgempmmc]:)mnma:twéscoaT1hg isreinivodd ac said changpet o

claim 3, ei n sai.d baki. is.at a tenperature between about
350- 400C f ?O‘?d{}BPS“},@nB S gglgﬁﬁ n bgrrierfaye@lod according to any one of the
preceding cl ai MirmMesdpBr ﬁ?ér@’orﬁllbétfs 4Sda@Dinterconnect pattern etched in said insulating

layer.

2. The method according to claim 1, wherein said antireflective coating layer includes

an organic material.

3. The method according to claim 1 or 2, further comprising the step of baking said
antireflective coating layer in said chamber, whereby said antireflective coating layer is

removed.

4. The method according to claim 2 or 3, wherein said organic material is selected for

use in a KrF or DUV lithography process.

5. The method according to claim 3, wherein said baking step is at a temperature

between about 350-400°C for about 30-60 seconds.

6. The method according to any one of the preceding claims, wherein said diffusion
barrier layer is deposited using plasma enhanced chemical vapor deposition, thermal

chemical vapor deposition or atomic layer deposition.



barrier layer is deposited using plasma enhanced chem cal vapor deposition,
thermal chem cal vapor deposition or atom c |ayer deposition. 2 7 MAR 2007
9 7. The nethod according to any one of the preceding clains, erein said
insulating layer includes a lowk dielectric material. 8. The AR 807
according to any one of the preceding clans, wherein said diffusion
barrier layer conprises a dielectric material. 9. The nmethod according to
claim 8, erein, sai iffusion barrier.layer conprises.a .dielectri.

mter ai st ect 1€ Pl bRl B AF b RGeSO BRI R b B, 10
The et hodlageciacldietn losv-Ridjelvtee flatciiae precedi ng cl ai ns, wherein said
dielectric diffusion barrier layer is deposited to a thickness between
about 100-300 A 11. The nethod according to any one of the preceding

clains, f ugt her ThHE F}e%{ﬂo‘ﬁi a@gorlﬂﬁl% to Sé}lﬁ Bie gﬁf t;})% ﬁ:feg‘%cglgg BlafifiS Qﬂ%rém tsz?rh ld%ggmflﬁg

| ayer of copper I nterconnects “over’ sai copper Tayer.
met hod accbartieniytracoeiprise 4 dielastiér mbterislai d step of form ng a second
nmetal lization layer includes the follow ng steps: depositing an etch stop

| ayer over said_polished copper |ayer; depositing a second insulatin

| ayer over “sai 4 TBe BXt cﬁscqnﬁﬁ&t? clig 8. W@Pﬁﬁlrhﬁmgadﬁg’ﬁ’ém TIEE d{5R FOmPIISeS

| nt er connegfefectrit MateaSRRRRA s WelrbMPcdd¥fihe ofiSic, SIENIEdtpsh@sisor ding to
claim12, mheféin sai% seconéh?ﬁséﬁ%t@%% aye%oﬁncrudes’a |l ow-k dielectric
material. 14. The nethod according to claim 11, further conprising the step
of depositing a netal adhesion |ayer over said diffusion barrier |ayer

before depositing said copper layer. 2 7 MAR 2007 10 15. The net hod
according to claim 14, wherein said netal adhesion |ayer includes a

refractoryiget alThe method according to any one of the preceding claims, wherein said dielectric
diffusion barrier layer is deposited to a thickness between about 100-300 A.

11.  The method according to any one of the preceding claims, further comprising the
steps of forming a second metallization layer of copper interconnects over said polished

copper layer.

12. The method according to claim 11, wherein said step of forming a second
metallization layer includes the following steps:

depositing an etch stop layer over said polished copper layer;

depositing a second insulating layer over said etch stop layer; and

forming a layer of copper interconnects in said second insulating layer.

13.  The method according to claim 12, wherein said second insulating layer includes a

low-k dielectric material.

14.  The method according to claim 11, further comprising the step of depositing a metal

adhesion layer over said diffusion barrier layer before depositing said copper layer.



16. An integrated circuit manufactured according to any one of the nethod
clainms 1-15. 17. A method of form ng copper interconnects for an integrated
circuit, conprising the steps of. (a) formng an antireflective coating

| ayer over an insulating |ayer fornmed over a seniconductor slib¥iR H0E; (b)
after step (a), patterning and etching amQi nterconnect pattern in said
insulating |ayer; (c) confornally depositing in a deposition chanber a

0 1100 B b 4G QLR T TR o SPGB BRSPSt 1

of said difefrasiopnmbal.ri er Iayer and (d) after step (c), form ng copper
interconnects in said interconnect pattern etched in said insulating
| ayer. 18. The nethod according to claim 25, wherein said diffusion barrier

aver comprises @ JAEhRELLL ARLELBlractie JUSAE! Nofagent flddden ol m

25 or 26, whereln sal reflective coa rising an organic
mat eri al , ¢lhiensnieifhod further conprising the step of baklng sai d
antireflective coating layer in said chanber to renove said antireflective
coating layer. 20. The nethod according to claim19, wherein said baking
step is at a tenperature between about 350-400C for about 30-60 seconds.

17. A method of forming copper interconnects for an integrated circuit, comprising the
steps of:

(a) forming an antireflective coating layer over an insulating layer formed over a
semiconductor substrate;

(b) after step (a), patterning and etching an interconnect pattern in said insulating
layer;

(c) coriformally depositing in a deposition chamber a diffusion barrier layer
along said etched interconnect pattern, wherein said antireflective coating is removed in said
chamber before deposition of said diffusion barrier layer; and

(d) after step (c), forming copper interconnects in said interconnect pattern

etched in said insulating layer.

18.  The method according to claim 25, wherein said diffusion barrier layer comprises a

dielectric material.

19. The method according to claim 25 or 26, wherein said antireflective coating layer
comprising an organic material, the method further comprising the step of baking said

antireflective coating layer in said chamber to remove said antireflective coating layer.

20.  The method according to claim 19, wherein said baking step is at a temperature

between about 350-400°C for about 30-60 seconds.



